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FLUID HAVING IMPROVED LUBRICITY
PROPERTIES

This application is a 371 of PCT/EP2010/058241, filed
Jun. 11, 2010, which claims benefit of 61/186,744, filed Jun.
12, 2009.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a hydrocarbon oil based
lubricant comprising a combination of a polar polyalkyl
(meth)acrylate copolymer and an ester oil.

2. Description of the Related Art

For more than 50 years, the lubricant industry has sought
efficient ways to modify the viscosity of various fluids to
improve the overall lubricity of the fluid for applications in
crankcase fluids, transmission fluids, gear oils, and hydraulic
oils. The viscosity index (V1) of a fluid, refers to the ability for
a fluid to maintain viscosity and lubricity over a specified
temperature range, most often between 40° C. and 100° C.
Increasing the VI of a fluid not only leads to enhanced lubri-
cation, but also can provide additional benefits and utilities
which may distinguish the overall performance of one fluid
versus another. Such benefits may include reduced viscosities
at colder temperatures thus improving low temperature per-
formance and improvements in hydraulic pump efficiency for
various hydraulic systems, which can ultimately lead to
reduced fuel consumption.

The conventional base fluids for lubricants are mineral
base oils (Groups I-III), synthetic oils such as poly alpha-
olefins (Group IV) or ester oils (Group V). For the purposes of
the present invention the term hydrocarbon oils will be under-
stood to describe both mineral oils (Groups I-III) and poly
alpha-olefins (Group IV). The viscosity index of these base
fluids generally increases as the fluid changes from a Group I
to Group V. Synthetic base fluids (Groups IV-V) are beneficial
for their favorable low temperature properties and their high
viscosity index.

The viscosity index of a lubricant formulation may be
modified by addition of a viscosity modifier or by altering the
composition of the base fluid. Viscosity modifiers may con-
ventionally be selected from polymers such as polyolefins
and polymethacrylates. Poly(alkylmethacrylates) (PAMAS)
are conventionally employed as VI improvers to obtain favor-
able viscosity profiles in lubricating oils at high and low
temperature. Chemical modification of poly(alkylmethacry-
lates), such as, for example, compositional modifications,
molecular weight/shear stability adjustments and solvent
selection may affect performance of the polymer as a VI
improver in a lubricant composition.

Dueto ever increasing demands on lubricants, in particular,
hydrocarbon oil based lubricants, for better performance
which would contribute to reduced fuel consumption and
reduced frictional wear leading to increased engine or pump
performance lifetime, the industry is continuously exploring
new methods and technologies to improve lubricant perfor-
mance and increase the VI of the lubricant formulation. The
need for increasing viscosity index is important for many
applications requiring lubrication, where incremental
increases can result in vast improvements in performance and
efficiency.

JP2007031666 describes methacrylate-based VI improv-
ers prepared in a solvent such as ester-oil synthetic solvent,
which increase the VI of ester-based synthetic fluids. The
described viscosity index improvers, contain a copolymer (A)
comprising alkyl(meth)acrylate(al) selected from group con-
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2
sisting of C,_, alkyl and C,_, hydroxyalkyl(meth)acrylate
ester, C,, ;5 alkyl(meth)acrylate ester(a2), and C,, ,, alkyl
(meth)acrylate ester(a3). A solvent (D) may be an aliphatic
solvent, aromatic solvent or ester based synthetic oil.

JP2007031666 provides no indication that the copolymers
are useful for improving the VI of hydrocarbon oil-based
formulations.

JP 2006077119 reports the use of various ester oils which
are used as solvents for synthetic base fluids. These ester-
based synthetic fluids have benefits in low temperature vis-
cosity, gear lubricity, and hydraulic actuation. However, there
is no disclosure or suggestion of improvement in viscosity
index of the final fluid.

JP 2627725 describes the synthesis of ethylene-alpha-ole-
fin-MA based copolymers which may contain grafted side-
chains and VI improvers containing the copolymers. The VI
improvers are added to lubricating oils based on mineral oil,
synthetics, ester-based synthetics and mixtures thereof.

U.S. Pat. No. 6,303,548 describes a lubrication oil which is
acombination of a mineral basestock, a poly-alpha-olefin and
a synthetic ester. A broad range of potential viscosity improv-
ers which are prepared in a solvent is described. Potential
viscosity modifiers in this crankcase application include alkyl
methacrylate copolymers, olefin copolymers and poly-hydro-
genated butadienes.

EP 992570 A3 describes a hydraulic lubrication oil con-
taining one of a mineral oil, poly-alpha-olefin or ester based
synthetic as a base fluid. EP 992570 A3 provides no discus-
sion of VI benefit or notable low temperature benefit by
addition of ester oil as an additive.

None of the above patents discloses or suggests that
improvement in the VI of a hydrocarbon oil based lubricant
can be obtained with a combination of copolymer having a
polar composition and an ester oil.

DETAILED DESCRIPTION OF THE INVENTION

Itis an object of the present invention to provide a lubricant
composition having significantly improved lubricity. This
and other objects have been achieved by the present inven-
tion, the first embodiment of which includes a lubricant,
comprising:

an ester oil; and

a polyalkyl(meth)acrylate copolymer comprising in copo-
lymerized form

a C,-C, alkyl(meth)acrylate, preferably a C,-C; alkyl
(meth)acrylate and

a C,-C, 00 alkyl(meth)acrylate.

Polyalkyl(meth)acrylate polymers are polymers compris-
ing units being derived from alkyl(meth)acrylate monomers.
The term (meth)acrylates includes methacrylates and acry-
lates as well as mixtures thereof. These monomers are well
known in the art.

In another embodiment, the present invention provides a
lubricant comprising:

an ester oil; and

a polyalkyl(meth)acrylate copolymer comprising in copo-
lymerized from

a C,-C; alkyl(meth)acrylate, and

a C,-C;, alkyl(meth)acrylate.

In a further embodiment, the present invention provides a
lubricant comprising:

an ester oil; and

a polyalkylmethacrylate copolymer comprising in copoly-
merized form

a C,-C, alkyl methacrylate, and

a C,-C;,, alkyl methacrylate.
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In another embodiment, the present invention provides a
lubricant comprising:

a hydrocarbon oil base;

a viscosity index improver; and

an ester oil;

wherein the viscosity index improver comprises a poly-

alkylmethacrylate copolymer which comprises in copo-
lymerized form

a C,-C, alkyl methacrylate; and

a C,-C,, alkyl methacrylate.

In one embodiment, instead of methacrylates, acrylates are
used or mixtures of methacrylates and acrylates. If acrylates
are used, the amounts as given below for methacrylates apply
as well.

The C,_; alkyl methacrylates may include methyl meth-
acrylate, ethyl methacrylate, n-propyl methacrylate and iso-
propyl methacrylate and mixtures thereof. Methyl methacry-
late is particularly preferred.

The C,-C,4q alkyl(meth)acrylate, preferably the C,-C .,
alkyl(meth)acrylate, more preferably C,-C;, alkyl methacry-
late may include n-butyl(meth)acrylate, tert-butyl(meth)
acrylate and pentyl(meth)acrylate, hexyl(meth)acrylate,
2-ethylhexyl(meth)acrylate, heptyl(meth)acrylate, 2-tert-bu-
tylheptyl(meth)acrylate, octyl(meth)acrylate, 3-isopropyl-

heptyl(meth)acrylate, nonyl(meth)acrylate, decyl(meth)
acrylate, undecyl(meth)acrylate, S-methylundecyl(meth)
acrylate, dodecyl(meth)acrylate, 2-methyldodecyl(meth)
acrylate, tridecyl(meth)acrylate, 5S-methyltridecyl(meth)
acrylate, tetradecyl(meth)acrylate, pentadecyl(meth)
acrylate, hexadecyl(meth)acrylate, 2-methylhexadecyl
(meth)acrylate, heptadecyl(meth)acrylate,

S-isopropylheptadecyl(meth)acrylate, 4-tert-butyloctadecyl
(meth)acrylate, 5-ethyloctadecyl(meth)acrylate, 3-isopropy-
loctadecyl(meth)acrylate, octadecyl(meth)acrylate, nonade-
cyl(meth)acrylate, eicosyl(meth)acrylate, cetyleicosyl(meth)
acrylate,  stearyleicosyl(meth)acrylate,  docosyl(meth)
acrylate and/or eicosyltetratriacontyl(meth)acrylate and
mixtures thereof. Preferred C,-C;, alkyl methacrylates are
n-butyl(meth)acrylate, dodecyl(meth)acrylate, 5-methyl-
tridecyl(meth)acrylate, tetradecyl(meth)acrylate and mix-
tures thereof.

In addition thereto, the C,-C,y,, alkyl(meth)acrylate
monomers, preferably the C,-C,,, alkyl(meth)acrylate
monomers include polyolefin-based macromonomers. The
polyolefin-based macromonomers comprise at least one
group which is derived from polyolefins. Polyolefins are
known in the technical field, and can be obtained by polymer-
izing alkenes and/or alkadienes which consist of the elements
carbon and hydrogen, for example C,-C,,-alkenes such as
ethylene, propylene, n-butene, isobutene, norbornene, and/or
C,-C,y-alkadienes such as butadiene, isoprene, norborna-
diene. The polyolefin-based macromonomers comprise pref-
erably at least 70% by weight and more preferably at least
80% by weight and most preferably at least 90% by weight of
groups which are derived from alkenes and/or alkadienes,
based on the weight of the polyolefin-based macromonomers.
The polyolefinic groups may in particular also be present in
hydrogenated form. In addition to the groups which are
derived from alkenes and/or alkadienes, the alkyl(meth)acry-
late monomers derived from polyolefin-based macromono-
mers may comprise further groups. These include small pro-
portions of copolymerizable monomers. These monomers are
known per se and include, among other monomers, alkyl
(meth)acrylates, styrene monomers, fumarates, maleates,
vinyl esters and/or vinyl ethers. The proportion of these
groups based on copolymerizable monomers is preferably at
most 30% by weight, more preferably at most 15% by weight,
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based on the weight of the polyolefin-based macromonomers.
In addition, the polyolefin-based macromonomers may com-
prise start groups and/or end groups which serve for function-
alization or are caused by the preparation of the polyolefin-
based macromonomers. The proportion of these start groups
and/or end groups is preferably at most 30% by weight, more
preferably at most 15% by weight, based on the weight of the
polyolefin-based macromonomers.

The number-average molecular weight of the polyolefin-
based macromonomers is preferably in the range from 500 to
50000 g/mol, more preferably from 700 to 10000 g/mol, in
particular from 1500 to 8000 g/mol and most preferably from
2000 to 6000 g/mol.

In the case of preparation of the comb polymers via the
copolymerization of low molecular weight and macromo-
lecular monomers, these values arise through the properties
of the macromolecular monomers. In the case of polymer-
analogous reactions, this property arises, for example, from
the macroalcohols and/or macroamines used taking account
of'the converted repeat units of the main chain. In the case of
graft copolymerizations, the proportion of polyolefins
formed which have not been incorporated into the main chain
can be used to conclude the molecular weight distribution of
the polyolefin.

The polyolefin-based macromonomers preferably have a
low melting point, which is measured by means of DSC. The
melting point of the polyolefin-based macromonomers is
preferably less than or equal to —10° C., especially preferably
less than or equal to —=20° C., more preferably less than or
equal to —40° C. Most preferably, no DSC melting point can
be measured for the repeat units which are derived from the
polyolefin-based macromonomers in the polyalkyl(meth)
acrylate copolymer.

Polyolefin-based macromonomers are disclosed in the
publications DE 10 2007 032 120 A1, filed 09, Jul. 2007 at the
German Patent Office (Deutsches Patentamt) having the
application number DE102007032120.3; and DE 10 2007
046 223 A1, filed 26, Sep. 2007 at the German Patent Office
(Deutsches Patentamt) having the application number DE
102007046223.0; which documents are enclosed herein by
reference.

The methacrylate monomers may be branched or linear.

Without intending any limitation by the following descrip-
tion, the alkyl(meth)acrylate polymers exhibit a polydisper-
sity, given by the ratio of the weight average molecular weight
to the number average molecular weight Mw/Mn, in the range
of'1to 15, preferably 1.1 to 10, especially preferably 1.2 to 5.
According to a special embodiment, the polydispersity is
preferably situated in the range of 1.01 to 3.0, more preferably
1.05 t0 2.0, especially preferred in the range of 1.1 to 1.8 and
most preferred in the range of 1.15 to 1.6. The polydispersity
may be determined by gel permeation chromatography
(GPO).

The weight average molecular weight of the polyalkyl
(meth)acrylate copolymer is in the range from 5,000 to 1,000,
000, preferably 20,000 to 500,000, more preferably 25,000 to
160,000.

Preferably, the polyalkyl(meth)acrylate copolymer may
comprise a Chi parameter in the range from 0.28 to 0.65, more
preferably in the range from 0.3 to 0.55 and most preferably
in the range from 0.35 to 0.5. The Chi () parameter is well
known in the art and describes the solubility of the polymers.
The calculation of the Chi parameter is based on the Hoy
method. Useful information are provided in Polymer Hand-
book (4™ Edition, Editors. Bransdrup, Immergut, Grulke,
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1999, V11/675). The values can easily be calculated based on
the following formulae exemplifying a copolymer compris-
ing two or three monomers:

Chi(4/B)=[wt. fraction 4(delta A-delta solvent)?+wt.
fraction B(delta B-delta solvent)?~wt. fraction
Axwt. fraction B(delta 4—delta B)?]/6

Chi(4/B/C)=[wt. fraction A(delta A-delta solvent)®+
wt. fraction B(delta B-delta solvent)?+wt. frac-
tion C(delta C—delta solvent)?~wt. fraction Axwt.
fraction B(delta A-delta B)?>~wt. fraction Axwt.
fraction C(delta 4—delta C)?-wt. fraction Bxwt.
fraction C(delta B—delta C)?]/6

The delta values for the monomers A, B and C, respectively
are provided by the reference mentioned above or can easily
be calculated using the group addition rules such as in the
method of Hoy described in Krevelen D. W. Van, Properties of
Polymers, published by Elsevier, 3" completely revised edi-
tion, 1990; K. L. Hoy, J. Paint Technol. 42, 76 (1970) and
Polymer Handbook (4” Edition, Editors, Bransdrup, Immer-
gut, Grulke, 1999, VII/675), especially on Table 2, page 684
(Hoy).

The delta value for the solvent can preferably be assumed
to be the delta value of isooctane and calculated to be 6.8
cal'? cm™2. The previously mentioned interaction param-
eter Chi correlates to the Hildebrand solubility parameter
through an extensive and detailed derivation of the following
equation:

Chi=V(8,-8,*RT

K12~ Vseg(éa_éb)z/RT

The Hildebrand solubility parameter can be used as a use-
ful guide to determine the solubility of polymers in a specific
medium. A detailed summary of this parameter is provided in
the chapter entitled “Solubility Parameter Values”, by E. A.
Grulke in the Polymer Handbook, Fourth Edition, ed. J. Bran-
drup, E. J. Immergut, and E. A. Grulke, John Wiley & Sons,
New York, 1999.

According to a preferred aspect of the present invention,
the polyalkyl(meth)acrylate polymers useful for the present
invention may comprise units being derived from one or more
alkyl(meth)acrylate monomers of formula (I)

@
R

H OR!,

=

H (6]

where R is hydrogen or methyl, R! means a linear, branched
or cyclic alkyl residue with 1 to 4 carbon atoms, especially 1
to 3 and preferably 1 to 2 carbon atoms.

Examples of monomers according to formula (I) are,
among others, (meth)acrylates which derived from saturated
alcohols such as methyl(meth)acrylate, ethyl(meth)acrylate,
n-propyl(meth)acrylate, isopropyl(meth)acrylate, n-butyl
(meth)acrylate, and tert-butyl(meth)acrylate. Preferably, the
polymer comprises units being derived from methyl meth-
acrylate.

The polyalkyl(meth)acrylate polymers useful for the
present invention may comprise 0.1 to 40% by weight, pref-
erably 0.5 to 35% by weight, in particular 10 to 30% by
weight of units derived from one or more alkyl(meth)acrylate
monomers of formula (I) based on the total weight of the
polymer.
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In another embodiment, the polyalkyl(meth)acrylate poly-
mers useful for the present invention may preferably com-
prise at least 5% by weight, in particular at least 10% by
weight, more preferably at least 15% by weight and most
preferably atleast 20% by weight of units derived from one or
more alkyl(meth)acrylate monomers having 1 to 4 carbon
atoms, especially 1 to 3 and preferably 1 to 2 carbon atoms in
the alkyl residue, preferably methyl(meth)acrylate.

The polyalkyl(meth)acrylate polymer may be obtained
preferably by free-radical polymerization. Accordingly the
weight fraction of the units of the polyalkyl(meth)acrylate
polymer as mentioned in the present application is a result of
the weight fractions of corresponding monomers that are used
for preparing the polymer.

Preferably, the polyalkyl(meth)acrylate polymer com-
prises units of one or more alkyl(meth)acrylate monomers of
formula (IT)

an
R

H OR?,

=

H (6]

where R is hydrogen or methyl, R* means a linear, branched
or cyclic alkyl residue with 4 to 15, preferably 5 to 15 and
more preferably 6 to 15 carbon atoms.

Examples of component (II) include (meth)acrylates that
derive from saturated alcohols as mentioned above.

The polyalkyl(meth)acrylate polymer preferably com-
prises at least 0.05% by weight, particularly at least 10% by
weight, especially at least 20% by weight of units derived
from one or more alkyl(meth)acrylates of formula (II), based
on the total weight of the polymer. According to a preferred
aspect of the present invention, the polymer comprises pref-
erably about 25 to 99.5% by weight, more preferably about 70
to 95% by weight of units derived from monomers according
to formula (II).

Furthermore, the polyalkyl(meth)acrylate polymers useful
for the present invention may comprise units being derived
from one or more alkyl(meth)acrylate monomers of formula
m

(I
R

H OR3,

7

H (6]

where R is hydrogen or methyl, R means a linear, branched
orcyclic alkyl residue with 16-4000 carbon atoms, preferably
16 to 400 carbon atoms and more preferably 16 to 30 carbon
atoms.

Examples of component (III) include (meth)acrylates
which derive from saturated alcohols as mentioned above.

The polyalkyl(meth)acrylate polymers useful for the
present invention may comprise 0 to 99.9% by weight, pref-
erably 0.1 to 80% by weight, in particular 0.5 to 70% by
weight of units derived from one or more alkyl(meth)acrylate
monomers of formula (III) based on the total weight of the
polymer.

According to a special aspect of the present invention, the
weight ratio of ester compounds of the formula (II) which
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contain 7 to 15 carbon atoms in the alcohol radical to the ester
compounds of the formula (III) which contain 16 to 4000
carbon atoms in the alcohol radical is preferably in the range
01'100:1 to 1:100, more preferably in the range o' 50:1 to 2:1,
especially preferably 10:1 to 5:1.

The embodiment having a low amount of long chain alkyl
residues (16 to 4000) is preferably combined with a low
amount of C1 to C4 alkyl(meth)acrylates. Such embodiment
comprises improved low temperature performance.

According to a further aspect of the present invention, the
weight ratio of ester compounds of the formula (II) which
contain 7 to 15 carbon atoms in the alcohol radical to the ester
compounds of the formula (III) which contain 16 to 4000
carbon atoms in the alcohol radical is preferably in the range
of 1000:1 to 1:1000, more preferably in the range of 2:1 to
1:500, especially preferably 1:2 to 1:100.

The embodiment having a high amount of long chain alkyl
residues (16 to 4000) is preferably combined with a high
amount of C1 to C4 alkyl(meth)acrylates. Such embodiment
comprises improved VI performance.

The ester compounds with a long-chain alcohol residue,
especially monomers according to formulae (II) and (II1), can
be obtained, for example, by reacting (meth)acrylates and/or
the corresponding acids with long chain fatty alcohols, where
in general a mixture of esters such as (meth)acrylates with
different long chain alcohol residues results. These fatty alco-
hols include, among others, Oxo Alcohol® 7911 and Oxo
Alcohol® 7900, Oxo Alcohol® 1100 (Monsanto); Alpha-
nol® 79 (ICI); Nafol® 1620, Alfol® 610 and Alfol® 810
(Sasol); Epal® 610 and Epal® 810 (Ethyl Corporation);
Linevol® 79, Linevol® 911 and Dobanol® 25 (Shell AG);
Lial 125 (Sasol); Dehydad® and Dehydad® and Lorol®
(Cognis).

The polymer may contain units derived from comonomers
as an optional component.

These comonomers include hydroxyalkyl(meth)acrylates
like 3-hydroxypropyl(meth)acrylate, 3,4-dihydroxybutyl
(meth)acrylate, 2-hydroxyethyl(meth)acrylate, 2-hydrox-
ypropyl(meth)acrylate, 2,5-dimethyl-1,6-hexanediol(meth)
acrylate, 1,10-decanediol(meth)acrylate;

aminoalkyl(meth)acrylates and aminoalkyl(meth)acryla-
mides like N-(3-dimethylaminopropyl)methacrylamide,
3-diethylaminopentyl(meth)acrylate, 3-dibutylaminohexa-
decyl(meth)acrylate; nitriles of (meth)acrylic acid and other
nitrogen-containing (meth)acrylates like N-(methacryloy-
loxyethyl)diisobutylketimine, N-(methacryloyloxyethyl)di-
hexadecylketimine, (meth)acryloylamidoacetonitrile,
2-methacryloyloxyethylmethylcyanamide, cyanomethyl
(meth)acrylate;

aryl(meth)acrylates like benzyl(meth)acrylate or phenyl
(meth)acrylate, where the acryl residue in each case can be
unsubstituted or substituted up to four times;

carbonyl-containing (meth)acrylates like 2-carboxyethyl
(meth)acrylate, carboxymethyl(meth)acrylate, oxazolidinyl-
ethyl(meth)acrylate, N-methyacryloyloxy)formamide,
acetonyl(meth)acrylate, N-methacryloylmorpholine,
N-methacryloyl-2-pyrrolidinone, N-(2-methyacryloxyoxy-
ethyl)-2-pyrrolidinone,  N-(3-methacryloyloxypropyl)-2-
pyrrolidinone, N-(2-methyacryloyloxypentadecyl(-2-pyrro-
lidinone, N-(3-methacryloyloxyheptadecyl-2-pyrrolidinone;

(meth)acrylates of ether alcohols like tetrahydrofurfuryl
(meth)acrylate, methoxyethoxyethyl(meth)acrylate, 1-bu-
toxypropyl(meth)acrylate, cyclohexyloxyethyl(meth)acry-
late, propoxyethoxyethyl(meth)acrylate, benzyloxyethyl
(meth)acrylate, furfuryl(meth)acrylate, 2-butoxyethyl(meth)
acrylate, 2-ethoxy-2-ethoxyethyl(meth)acrylate, 2-methoxy-
2-ethoxypropyl(meth)acrylate, ethoxylated(meth)acrylates,
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1-ethoxybutyl(meth)acrylate, methoxyethyl(meth)acrylate,
2-ethoxy-2-ethoxy-2-ethoxyethyl(meth)acrylate, esters of
(meth)acrylic acid and methoxy polyethylene glycols;

(meth)acrylates of halogenated alcohols like 2,3-dibro-
mopropyl(meth)acrylate, 4-bromophenyl(meth)acrylate,
1,3-dichloro-2-propyl(meth)acrylate, 2-bromoethyl(meth)
acrylate, 2-iodoethyl(meth)acrylate, chloromethyl(meth)
acrylate;

oxiranyl(meth)acrylate like 2,3-epoxybutyl(meth)acry-
late, 3,4-epoxybutyl(meth)acrylate, 10,11 epoxyundecyl
(meth)acrylate, 2,3-epoxycyclohexyl(meth)acrylate, oxira-
nyl(meth)acrylates such as 10,11-epoxyhexadecyl(meth)
acrylate, glycidyl(meth)acrylate;

heterocyclic(meth)acrylates like 2-(1-imidazolyl)ethyl
(meth)acrylate, 2-(4-morpholinyl)ethyl meth)acrylate and
1-(2-methacryloyloxyethyl)-2-pyrrolidone;

maleic acid and maleic acid derivatives such as mono- and
diesters of maleic acid, maleic anhydride, methylmaleic
anhydride, maleinimide, methylmaleinimide;

fumaric acid and fumaric acid derivatives such as, for
example, mono- and diesters of fumaric acid;

vinyl halides such as, for example, vinyl chloride, vinyl
fluoride, vinylidene chloride and vinylidene fluoride;

vinyl esters like vinyl acetate;

vinyl monomers containing aromatic groups like styrene,
substituted styrenes with an alkyl substituent in the side
chain, such as a-methylstyrene and a-ethylstyrene, substi-
tuted styrenes with an alkyl substituent on the ring such as
vinyltoluene and p-methylstyrene, halogenated styrenes such
as monochlorostyrenes, dichlorostyrenes, tribromostyrenes
and tetrabromostyrenes;

heterocyclic vinyl compounds like 2-vinylpyridine, 3-vi-
nylpyridine, 2-methyl-5-vinylpyridine, 3-ethyl-4-vinylpyri-
dine,  2,3-dimethyl-5-vinylpyridine,  vinylpyrimidine,
vinylpiperidine, 9-vinylcarbazole, 3-vinylcarbazole, 4-vinyl-
carbazole, 1-vinylimidazole, 2-methyl-1-vinylimidazole,
N-vinylpyrrolidone, 2-vinylpyrrolidone, N-vinylpyrrolidine,
3-vinylpyrrolidine, N-vinylcaprolactam, N-vinylbutyrolac-
tam, vinyloxolane, vinylfuran, vinylthiophene, vinylthiolane,
vinylthiazoles and hydrogenated vinylthiazoles, vinylox-
azoles and hydrogenated vinyloxazoles;

vinyl and isoprenyl ethers;

methacrylic acid and acrylic acid.

The comonomers and the ester monomers of the formulae
(D, (IT) and (I1T) can each be used individually or as mixtures.

The proportion of comonomers can be varied depending on
the use and property profile of the polymer. In general, this
proportion may be in the range from 0 to 60% by weight,
preferably from 0.01 to 20% by weight and more preferably
from 0.1 to 10% by weight. Owing to the combustion prop-
erties and for ecological reasons, the proportion of the mono-
mers which comprise aromatic groups, heteroaromatic
groups, nitrogen-containing groups, phosphorus-containing
groups and sulphur-containing groups should be minimized.
The proportion of these monomers can therefore be restricted
to 1% by weight, in particular 0.5% by weight and preferably
0.01% by weight.

In one embodiment, the copolymer is obtained by poly-
merization in the presence of an ester oil, a mineral oil or a
combination thereof.

In one embodiment, unexpectedly, the combination of a
small amount of ester oil with a polar-monomer containing
polymer, such as an MMA-containing PAMA, shows a sig-
nificantly higher VI in a non-polar solvent, such as mineral
oil, than the same polymer-oil combination in the absence of
the ester oil. Additionally, in one embodiment, this advantage
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can be captured by using the ester oil as a solvent in the
preparation of a polymer that will subsequently be diluted in
a lubricant formulation.

In one embodiment, the present invention describes how
the viscosity index of a fully formulated lubricant can be
enhanced by exploiting synergistic effects between a polar
ester oil and a viscosity index improver which comprises
polar comonomer units. The expression “polar” should be
understood in a way that a homopolymer derived from the
polar monomer alone would not be soluble in the lubricating
oil.

Within the context of the present invention, all ranges
below include explicitly all subvalues between the upper and
lower limits.

In one embodiment, the polyalkylmethacrylate copolymer
is obtained in the presence of the ester oil, a hydrocarbon oil
or a mixture thereof, preferably the polymer is obtained in the
presence of an ester oil.

The ester oil is not particularly limited. The ester oil
include in particular phosphoric esters, esters of dicarboxylic
acids, esters of monocarboxylic acids with diols or polyalky-
lene glycols, esters of neopentylpolyols with monocarboxylic
acids (cf. Ullmanns Encyclopadie der Technischen Chemie
[Ullmann’s Encyclopaedia of Industrial Chemistry], 3rd edi-
tion, Vol. 15, pages 287-292, Urban & Schwarzenberg
(1964)). Suitable esters of dicarboxylic acids are firstly the
esters of phthalic acid, in particular the phthalic esters with C,
to C,-alcohols, dibutyl phthalate and dioctyl phthalate being
mentioned in particular, and secondly the esters of aliphatic
dicarboxylic acids, in particular the esters of straight-chain
dicarboxylic acids with branched primary alcohols. The
esters of sebacic, of adipic and of azelaic acid are singled out
in particular, and in particular the 2-ethylhexyl and isooctyl-
3,5,5-trimethyl esters and the esters with the Cq-, Cy- and
C, -0xo alcohols should be mentioned.

The esters of straight-chain primary alcohols with
branched dicarboxylic acids are particularly important.
Alkyl-substituted adipic acid, for example 2, 2,4-trimethyla-
dipic acid, may be mentioned as examples.

Preferred esters have (oligo)oxyalkyl groups in the alcohol
radical. These include in particular ethylene glycol and pro-
pylene glycol groups.

The diesters with diethylene glycol, triethylene glycol,
tetraethylene glycol to decamethylene glycol and further-
more with dipropylene glycol as alcohol component may be
singled out as esters of monocarboxylic acids with diols or
polyalkylene glycols. Propionic acid, (iso)butyric acid and
pelargonic acid may be mentioned specifically as monocar-
boxylic acids—for example, dipropylene glycol pelargonate,
diethylene glycol dipropionate and diisobutyrate and the cor-
responding esters of triethylene glycol, and tetraethylene gly-
col di-2-ethylhexanoate, being mentioned.

Preferably, the ester oil includes dicarboxylic acid esters
and mixtures thereof, di-alkyl-adipates and mixtures thereof,
dialkyl substituted sebacates and mixtures thereof, alkyl
methacrylates and mixtures thereof. The ester oil is prefer-
ably a dialkyl dicarboxylate, an alkyl methacrylate or a mix-
ture thereof. The dialkyl dicarboxylate is at least one selected
from the group consisting of a dialkyl adipate, a dialkyl pime-
late, a dialkyl suberate, a dialkyl azelate, a dialkyl sebacate
and mixtures thereof.

These esters are used individually or as a mixture.

Preferably, the weight ratio of said polyalkyl(meth)acry-
late copolymer to said ester oil is in the range of 10:1 to 1:10,
more preferably 5:1 to 1:5.
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The amount of the ester oil is 0.5 wt % to 80 wt % based on
the total amount of the lubricant, preferably 0.75 to 40 wt. %,
more preferably 5 to 35 wt %.

In one embodiment, the lubricant contains a hydrocarbon
oil, preferably a mineral oil of Groups 1, II or III or a poly-
alpha olefin of Group IV of the API groups, which are dis-
cussed in more detail below.

The amount of the hydrocarbon oil is >0 to 99 wt % based
on the total weight of the lubricant, preferably 0.5 to 95 wt %.
The amount of polyalkyl(meth)acrylate, preferably polyalky-
Imethacrylate copolymer is 0.5 to 40 wt % based on the total
weight of said lubricant, preferably 5 to 35 wt %.

Preferably, the weight ratio of said polyalkyl(meth)acry-
late copolymer to said hydrocarbon oil is in the range of 1:1 to
1:100, more preferably 1:3 to 1:50.

In a preferred embodiment, the weight ratio of said ester oil
to said hydrocarbon oil preferably is in the range of 1:1 to
1:100, more preferably 1:3 to 1:20.

The amount of the monomer mixture of the C,-C; alkyl
methacrylate is in the range from 0.5 to 40%, based on the
total weight of the monomer mixture; and the amount of the
monomer mixture of the C,-C,, alkyl methacrylate is in the
range from 60 to 99.5% based on the total weight of the
monomer mixture. In one embodiment, the lower alkyl meth-
acrylate includes C, -C, (in the amount given above for C, to
C,) and the higher alkyl methacrylate includes C,-C;, (in the
amounts as given above for C, to Cs;). The C, in lower alkyl
methacrylate and the higher alkyl methacrylate may be the
same or different.

The monomer mixture may further comprise a nonpolar
monomer which can be copolymerized with the C,-C; (or
C,-C,) alkyl methacrylate and C,-C;, alkyl methacrylate.

In one embodiment, a comonomer is styrene which may be
substituted or unsubstituted. In addition, polymeric meth-
acrylate monomers such as the pHBD-methacrylate may be
used.

In one embodiment of the present invention, the amount of
the monomer mixture of the C,-C, alkyl(meth)acrylate pref-
erably is in the range from 0.5 to 40%, based on the total
weight of the monomer mixture; and

an amount of the monomer mixture of the C,-C,,, alkyl
(meth)acrylate preferably is in the range from 60 to 99.5%
based on the total weight of the monomer mixture.

In a further embodiment of the present invention, the
amount of the monomer mixture of the C,-C,, alkyl methacry-
late preferably is in the range from 0.5 to 40%, based on the
total weight of the monomer mixture; and

an amount of the monomer mixture of the C,-C;, alkyl
methacrylate preferably is in the range from 60 to 99.5%
based on the total weight of the monomer mixture.

The architecture of the ester-comprising polymers is not
critical for many applications according to the present inven-
tion. Accordingly, the copolymers may be random copoly-
mers, gradient copolymers, block copolymers, graft copoly-
mers or mixtures of these.

Block copolymers and gradient copolymers can be
obtained, for example, by altering the monomer composition
discontinuously during the chain growth.

The present invention also provides a method for preparing
a lubricant, comprising polymerizing a monomer mixture
comprising a C,-C; (or C, to C,) alkyl methacrylate, and a
C,-C,, (orC, to C,,) alkyl methacrylate, in the presence ofan
ester oil, a hydrocarbon oil or a mixture thereof.

Surprisingly, in one embodiment, a synergistic improve-
ment in lubricity as indicated by increase in the Viscosity
Index (VI) ofthe lubricant is obtained when a hydrocarbon oil
based lubricant comprises a combination of the above
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described copolymer prepared from a monomer mixture
comprising 0.5 to 40 percent by weight relative to the total
monomer weight of a C,-C, alkyl methacrylate and a Group
V ester oil.

In one embodiment, the present invention provides a for-
mulation which may attain higher viscosity indices while
maintaining polymer solubility in the lubricating oil.

Preferably, the lubricant is based on mineral oil from API
Groups 1, 11, IIT and/or IV or mixtures of these. According to
apreferred embodiment of the present invention, a mineral oil
containing at least 90% by weight saturates and at most about
0.03% sulfur measured by elemental analysis is used.

Group I oils include RMF 5, Sun SN100, KPE. Group II
oils include P1017 or Petro-Canada 1017. Group III oils
include Nexbase 3020, Nexbase 3030 and Yubase 4. Group V
oils include Plastomoll DNA. A naphthenic oil is Shell
Risella 907. PAO is a Group IV oil.

Without being limited to any particular theory, Applicants
believe an interplay between the hydrocarbon base fluid
polarity and the copolymer polarity result in a VI response
indicating a difference in the polymer coiling-expansion ratio
and may thus greatly affect viscosity index. When a polar
polymer is subjected to a nonpolar solvent such as a Group 111
oil, the polar zones of the copolymer can associate at lower
temperature and cause an increase in viscosity at 40° C. This
increase in viscosity at 40° C. can result in a sharp decrease in
the viscosity index of the fluid.

When an ester oil polar solvent is introduced, the polar
ester oil molecules may interact with the polar zones of the
copolymer and break up the associative thickening respon-
sible for the increase in viscosity at lower temperature (i.e. the
drop in viscosity index). As the polarity of the ester oil mol-
ecule increases, its ability to disrupt the association of the
copolymer also increases. The general range of base oils
polarity is as follows:

Group [V<Group IlI<Group [I<Group [<Group V (ester

oil)

Since a Group I fluid is more polar than a Group III fluid
increased solubility of the polar copolymer in the Group I
fluid may be expected. Interaction between the polar solvent
and the polar segments of the polymer would be expected to
disrupt the associative thickening. An even greater effect may
be obtained with a Group V oil, such as a dialkyl dicarboxylic
acid ester or an alkylmethacrylate. A dialkyl dicarboxylic
acid ester such as diisononyl adipate (e.g. Plastomoll DNA)
can much more strongly inhibit associative thickening and
consequently provide a synergistic viscosity index boost
according to the formulation of the present invention by
reducing the viscosity of the lubricant at 40° C.

Not only hydrocarbon base oil polarity but polymer polar-
ity may affect the interplay. As the polarity of the polymer
increases (i.e. more polar monomer content), the VI can
decrease. When ester oil is introduced, polar polymer-poly-
mer associations (associative thickening) are effectively dis-
rupted and the decrease in V1 is minimized. When the polarity
of the polymer decreases (i.e. less polar monomer content),
the beneficial effect of the ester oil may not observed because
less associative thickening is present. Therefore a marginal VI
response would be obtained.

Conversely, when looking at polymers which are much less
polar (e.g. low-polar/non-polar methacrylate copolymers,
polyolefins etc.). The addition of ester oil to blends containing
copolymers of low polarity would not benefit from a disrup-
tive interaction and therefore a synergistic effect on the VI
would not result.

Synthetic oils are, among other substances, poly alpha
olefins, organic esters including carboxylic esters and phos-
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phate esters; organic ethers including silicone oils and poly-
alkylene glycol; and synthetic hydrocarbons, especially poly-
olefins. They are for the most part somewhat more expensive
than the mineral oils, but they have advantages with regard to
performance. For an explanation, reference is made to the 5
API classes of base oil types (API: American Petroleum Insti-
tute).

American Petroleum Institute (API) Base Oil Classifications
Base stock Sulfur Saturates
Group Viscosity Index  (weight %) (weight %)
Group I 80-120 >0.03 <90
Group II 80-120 <0.03 >90
Group IIT >120 <0.03 >90
Group IV all >120 <0.03 >99
synthetic Poly alpha
olefins (PAO)
Group V all not >120 <0.03

included in Groups I-IV,
e.g. esters,
polyalkylene glycols

Among the Group IV synthetic hydrocarbons, polyolefins,
in particular poly alpha olefins (PAO) are preferred. These
compounds may be obtained by polymerization of alkenes,
especially alkenes having 3 to 12 carbon atoms. Convention-
ally used alkenes include propene, hexene-1, octene-1, and
dodecene-1. Preferred PAOs have a number average molecu-
lar weight in the range 0f 200 to 10000 g/mol, more preferably
500 to 5000 g/mol.

Preferred ester oil are Group V ester oils. The Group V ester
oil may be present in the lubricant formulation in a range of
percent by weight based on the total weight of the lubricant
formulation of 0.5 to 80 percent by weight. The percent range
includes all values and subvalues therebetween, especially
including from 0.75 to 35 percent and most especially from 5
to 25 percent.

The Group V ester oil may be any ester oil which can be
categorized as a Group V oil. Preferred ester oils are dialkyl
dicarboxylic acid esters or alkyl methacrylate esters. The
dialkyl dicarboxylic acid esters are especially preferred.
Examples of dialkyl dicarboxylic acid esters include dialkyl
adipates, dialkyl pimelates, dialkyl suberates, dialkyl aze-
lates, dialkyl dodecanoates, dialkyl sebacates and dialkyl
phthalates. Dialkyl adipates, dialkyl suberates and dialkyl
sebacates are particularly preferred. The dialkyl portion of the
esters may include esters based on isononyl alcohol, octyl
alcohol, diethylhexylalcohol, neopentyl glycol, diethylene
glycol, dipropylene glycol, trimethanol propane and pen-
taerythritol. Diisononyl adipate, dioctyl adipate, dioctyl seba-
cate and diethylhexyl sebacate are most particularly pre-
ferred.

The alkyl methacrylate esters are exemplified in the docu-
ments EP0471258, filed Aug. 3, 1991 at the European Patent
Office having the application number 91113088.8, and
EP0471266, filed Aug. 3, 1991 at the European Patent Office
having the application number 91113123.3. The documents
EP0471258 and EP0471266 are enclosed herein by refer-
ence.

The monomer mixtures described above can be polymer-
ized by any known method. Conventional radical initiators
can be used to perform a classic radical polymerization.
These initiators are well known in the art. Examples for these
radical initiators are azo initiators including but not limited to
2,2'-azodiisobutyronitrile (AIBN), 2,2'-azobis(2-methylbu-
tyronitrile) and 1,1azobiscyclohexane carbonitrile; peroxide
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compounds, e.g. methyl ethyl ketone peroxide, acetyl acetone
peroxide, dilauryl peroxide, tert.-butyl per-2-ethyl hex-
anoate, ketone peroxide, methyl isobutyl ketone peroxide,
cyclohexanone peroxide, dibenzoyl peroxide, tert.-butyl per-
benzoate, tert.-butyl peroxy isopropyl carbonate, 2,5-bis(2-
ethylhexanoyl-peroxy)-2,5-dimethyl hexane, tert.-butyl per-
oxy 2-ethyl hexanoate, tert.-butyl peroxy-3,5,5-trimethyl
hexanoate, dicumene peroxide, 1,1bis(tert. butyl peroxy)cy-
clohexane, 1,1bis(tert. butyl peroxy) 3,3,5-trimethyl cyclo-
hexane, cumene hydroperoxide and tert.-butyl hydroperox-
ide.

Furthermore, novel polymerization techniques such as
ATRP (Atom Transfer Radical Polymerization) and or RAFT
(Reversible Addition Fragmentation Chain Transfer) can be
applied to obtain the copolymers of the present invention.
These methods are well known. The ATRP reaction method is
described, for example, by J-S. Wang, et al., J. Am. Chem.
Soc., Vol. 117, pp. 5614-5615 (1995), and by Matyjaszewski,
Macromolecules, Vol. 28, pp. 7901-7910 (1995). Moreover,
the patent applications WO 96/30421, WO 97/47661, WO
97/18247, WO 98/40415 and WO 99/10387 disclose varia-
tions of the ATRP explained above. The RAFT method is
extensively presented in WO 98/01478, for example, to which
reference is expressly made for purposes of the disclosure.

The polymerization can be carried out at normal pressure,
reduced pressure or elevated pressure. The polymerization
temperature is also not critical. However, conventionally the
polymerization temperature may be in the range of -20-200°
C., preferably 0-130° C. and especially preferably 60-120°
C., without any limitation intended by this description.

The polymerization may be carried out with or without
solvents; but is preferably carried out in a nonpolar solvent.
These include hydrocarbon solvents, for example aromatic
solvents such as toluene, benzene and xylene, saturated
hydrocarbons, for example cyclohexane, heptane, octane,
nonane, decane, dodecane, which may also be present in
branched form. These solvents may be used individually and
as a mixture. Particularly preferred solvents are mineral oils
and synthetic oils (e.g. ester oils such as diisononyl adipate),
and also mixtures thereof. Among these, very particular pref-
erence is given to mineral oils and ester oils.

According to a preferred embodiment, the copolymer may
be obtained by a polymerization in API Group II or Group III
mineral oil. These solvents are disclosed above.

According to another preferred embodiment the copoly-
mer may be prepared in an ester oil, preferably diisononyl
adipate.

The copolymer may be a mixture of copolymers as
described and may be present in the lubricant formulation in
a weight percent range relative to the total weight of the
Iubricant of from 0.5 to 40 percent. The percent range
includes all values and subvalues therebetween, especially
including from 1.0 t0 35,2 t0 25, 510 20, 5to 15 and 1.4 to 15
wt %.

Having generally described this invention, a further under-
standing can be obtained by reference to certain specific
examples which are provided herein for purposes of illustra-
tion only, and are not intended to be limiting unless otherwise
specified.

EXAMPLES

Effect of Combining a Group V Ester Oil with a
Hydrocarbon Oil

The Viscosity Index of oils of Groups I, [Illand V are shown
in Table 1. Mixtures of 5% by weight of the Group V oil in the
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Group [ oil and in the Group III oil were prepared and the
Viscosity Index of each mixture determined. The results are
shown in Table 1.

TABLE 1

Viscosity Index of Base Oils.

Base Oil Viscosity Index
Group I 106
Group IIT 124
Group V 144
Group I + 5% Group V 107
Group IIT + 5% Group V 125

As shown in Table 1, the Viscosity Index increases from
Group I to Group V. In each mixture the effect of adding 5%
Group V oil increases the Viscosity Index by 1 unit.

Synthesis Example

Copolymer 4

A round-bottom flask equipped with a glass stir rod, nitro-
gen inlet, reflux condenser and thermometer was charged
with 78.7 g of Group I1 oil supplied by Petro-Canada, 537.54
g C,,-C,; methacrylate, 211.49 g C,,-C,5; methacrylate,
130.20 g C, methacrylate. The mixture was heated up to 110°
C. while stirring and nitrogen bubbling for inertion. Then
3-stage feed for 3 hours feed of a mixture consisting 0f 8.33 g
tert-butyl peroctoate (tBPO) and 125.0 g Group Il oil supplied
by Petro-Canada was started. After the feed end the mixture
was stirred for an addition 30 minutes. After the end of the
polymerization the product was diluted with 170.0 g Petro-
Canada Group II Oil.

Copolymer Examples 1, 3, and 6 were prepared by a simi-
lar method wherein the components were adjusted as
described in Table 2.

Synthesis Example

Copolymer 5

A round-bottom flask equipped with a glass stir rod, nitro-
gen inlet, reflux condenser and thermometer was charged
with 150.0 g of Group Il oil supplied by Petro-Canada, 537.54
g C,,-C,; methacrylate, 211.49 g C,,-C,5; methacrylate,
130.20 g C, methacrylate, 2.10 g CuBr, 2.50 g pentameth-
yldiethylenetriamine. The mixture was heated up to 80° C.
while stirring and nitrogen bubbling for inertion. Then poly-
merization was initiated with 5.61 g Ethyl-2-bromoisobu-
tyrate. Reaction temperature was increased to 95° C. and
stirred for 8 hours. After the end of the polymerization the
product was diluted with 235.0 g Group II oil supplied by
Petro-Canada.

Copolymer Example 2 was prepared by a similar method
wherein the components were adjusted as described in Table
2.

Comparative Example

Copolymer 7

Comparative copolymer example having the monomer
composition shown in Table 2 was also prepared.
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TABLE 3

Polymer Data:

Group I Blend Composition

Examples 1 2 3 4 5 6 7 8 5 Examples 1 la 4 4a 8 8a
% %
C1MA 25 25 25 13 13 25 - — Polymer 142 142 142 142 142 142
C12-C13 MA 54 54 54 6 62 20 42 @ — Group 11 Oil 580 580 580 58 580 580
C14-C15 MA 210 21 21 25 25 16 36 Group V Oil 5.0 5.0 5.0
C16-C30 MA - — — — — 39 22— 1o GrouwplOil 800 750 800 750 800 750
Paratone 8451 100
Mw (kg/mol) 290 379 290 271 369 297 8.0 — Total 1000 1000 1000 1000 1000  100.0
PDI 176 129 176 172 128 178 200 —
Chi parameter 043 043 043 035 035 041 027
(Solubility, ) RMEF 5 is a Group 1 mineral oil.
15
TABLE 3a
Paratone 8451 is an olefin copolymer supplied by Chevron
Oronite Co. Examples 1 la 4 4a 8 8a
Synergistic Effect of Combination of Copolymer and KV100 (cSt) 1413 1379 1297 1285 2243  21.65
Group V 0Oil 20 KV40 (cSt) 9129 8542 8000 7674 1620 1502
. L. . VI 159 166 163 169 166 170
Preparation of Lubricating Oils
Blending Pro.cedure for Examples 1, 4 and 8. A container As shown in Table 1 the difference in Viscosity Index (VI)
was charged with 20.0 grams of polymer, 80.0 grams of o5 mixture of the Group I oil and Group V oil only is 1 unit.
Group 11l base oil supplied by SK Energy. The materials were 55 When the copolymer from Table 2 was added to the Group I
stirred using a pitched blade stirrer on a hot plate at ca. 75° C. ™ base oil the Viscosity Index increased to values of from 159 to
for 1 hour under air atmosphere. 166 units as shown in Table 3a. The addition of the Group V
oil further increased the Viscosity Index to 166-170 as shown
. in Table 3a. With the comparative composition containing
Blending of Examples 1a, 4a, and 8a copolymer 8 the VI difference was only 4 units when the
30 Group V oil was added. However in the formulations accord-
. . ing to the present invention, the improvement was 6 or more
Examples Using Bster Oil units. The higher VI of the Group V oil-containing formula-
tion in example 8 can be explained as a result of the higher VI
A container was charged with 20.0 grams of polymer, 5.0 g of the base ﬂujd alone. A synergistic VI-improvement effect
of GroupV oil supplied by BASF, and 75.0 grams of Group III 35 Was not obtained. The mixtures according to the present
base oil supplied by SK Energy. The materials were then invention containing copolymer examples 1 and 4, however,
stirred using an overhead stirrer equipped with a pitched ~ Pehaved very differently. Here the Group V oil-containing
blade at a stir rate of ca. 300 rpm. fluids showed significantly higher viscosity indices, with the
] . ) VI improvement being 6 or more units. Such significant
Physical mixtures according to Table 3 were prepared and improvements can not be explained with slight VI-differences
the kinematic viscosities at 40 and 100° C. measured. The 40 ofthe base fluid alone.

Viscosity Index for each mixture was determined. The results
are shown under the heading Group I in Table 3a. The results
are shown in Table 3a under the heading Group [+Group V.

A similar set of experimental mixtures were prepared and
viscosities evaluated using a Group III mineral oil. The rel-
evant data is shown in Tables 4 and 4a.

TABLE 4

Group III Blend Composition

Examples 1 la 2 2a 3 3a 4 4a
%

Polymer 14.2 14.2 14.2 14.2 14.2 14.2 14.2 14.2

Group II Oil 5.80 5.80 5.80 5.80 5.80 5.80 5.80 5.80

Group I Ol 80.0 75.0 80.0 75.0 79.1 74.05 80.0 75.0

Group V Oil 0.0 5.0 0.0 5.0 0.0 5.0 0.0 5.0

Hitec 521 0.95 0.95

Total 100.0  100.0 100.0  100.0 100.0 100.0  100.0 100.0

Examples 5 Sa 6 6a 7 Ta 8 8a
%

Polymer 14.2 14.2 14.2 14.2 13.2 13.2 20.0 20.0

Group II Oil 5.80 5.80 5.80 5.80 6.80 6.80

Group I Ol 80.0 75 80.0 75 80.0 75 80.0 75

Group V Oil 5.0 5.0 5.0 5.0

Total 100.0  100.0 100.0  100.0 100.0 100.0  100.0 100.0
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Hitec 521 is a detergent inhibitor supplied by Afton Chemi-
cal.

18

increases, VI loss can be minimized by using Group V oil to
disrupt thickening due to polar polymer association. As the

TABLE 4a
Examples 1 la 2 2a 3 3a 4 4a
Kv100 10.36 1036 12.54 1253 10.33 10.26 9.871  9.735
(cSt)
Kv40 53.90 5190 70.56  67.26 5441  51.90 4899  47.18
(cSt)
VI 185 193 179 188 182 191 193 198
Examples 5 Sa 6 6a 7 Ta 8 8a
Kv100 12.45 1222 10.28 1026 1391 1370 17.73 17.49
(cSt)
Kv40 62.74 5937 5037 4947 6753 65.61 107.2 1034
(cSt)
VI 201 209 198 202 215 217 183 186

As shown in Table 1 the difference in Viscosity Index (VI)
of'a mixture of the Group 111 oil and Group V oil only was 1
unit. When the copolymer from Table 2 was added to the
Group I1I base oil the Viscosity Index increased to values of
from 179 to 215 units as shown in Table 4. The addition of the
Group V oil further increased the Viscosity Index to 188-217
as shown in Table 4. With the comparative compositions
containing copolymer 7 and 8 respectively, the VI difference
was only 3 units or less when the Group V oil was added. The
higher VIs of the ester oil containing formulations with
copolymers 7 and 8 was caused solely by the higher VI of the
base fluid.

The mixtures according to the present invention containing
copolymer examples 1-6, however, again behaved very dif-
ferently. The Group V oil-containing fluids showed signifi-
cantly higher viscosity indices increased by 5 or more units.
Such significant improvements can not be explained with
slight VI-differences of the base fluid alone.

TABLE §

Group III Blend Composition (Constant KV40)

Examples 1 la 4 4a 6 6a
%
Polymer 12.43 1278 13.85 14.02 1321 13.4
Group II Oil 5.08 5.22 5.65 5.73 5.40 5.47
Group IIT Oil 82.50  77.00  80.50  75.25 8139  76.13
Group V Oil 0.0 5.0 0.0 5.0 0.0 5.0
Total 100.0  100.0 100.0  100.0 100.0  100.0
TABLE 5a
Examples 1 la 4 4a 6 6a
KV100 (cSt) 9.150 9.320  9.540 9.560  9.654 9.822
KV40 (cSt) 45.20 45.03  45.89 4549 4649 46.53
VI 190 196 198 201 199 204

The addition of Group V oil to the blends according to the
present invention generated a VI increase in both Group [ and
Group III oils. Overall, an increase of 5 to 9 VI units was
obtained for copolymers comprising between 5% and 25%
C,-C, methacrylate in the copolymer composition respec-
tively. The impact of Group V oil on the KV40 viscosity is
seen clearly for all examples. As the polarity of the copolymer
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amount of MMA in the polymer is reduced, the polarity
decreases, thus minimizing the beneficial effect of the Group
V oil to increase VI.

Synthesis Example 14

A double jacket reactor heated with oil circulation and
equipped with a blade stirrer, nitrogen inlet, reflux condenser
and thermometer was charged with 2688.0 g of hPBD-
MM, 500 (methacrylic ester of hydrogenated hydroxyl termi-
nated polybutadiene having a number average molecular
weight 0£4800), 1152.0 g C, methacrylate, 2560.0 g Styrene,
2773.2 g Naphthenic oil supplied by Shell Chemical Co. and
1493.2 g of a Group I mineral 0il (100N-oil). The mixture was
heated up to 120° C. while stirring and nitrogen bubbling for
inertion, then an initiator of 0.42 g tBPO was added. Follow-
ing the addition, a 3 hour feed of a mixture consisting of 15.36
g tBPO and 35.84 g Group I1I mineral oil supplied by Neste
Oil was started. 1 hour and 4 hours after the feed end, each
12.8 g of 2,2-bis(tert-butylperoxy)butane (BtBPOP) were
added to fully convert the charged monomers. After the end of
the polymerization the product was diluted with 5297.2 g
Group III mineral oil supplied by Neste Oil, thoroughly
mixed and drained. 16 kg of a clear and viscous solution were
obtained.

Examples 9-13 were prepared by a similar method wherein
the monomer compositions were adjusted as described in
Table 6.

TABLE 6
Polymer Data
Examples 9 10 11 12 13 14
%
Cl1 MA 37.8 355 29.8 23.8 17.8 —
C4 MA 20.2 23.5 29.8 36.3 39.8 18.00
C12-C15 MA 0.18 0.18 0.18 0.18 0.18 —
C16-C20 MA 0.02 0.02 0.02 0.02 0.02 —
C100-C350 MA  41.60 40.60 40.00 39.50 42.00 42.00
Styrene 0.20 0.20 0.20 0.20 0.20 40.00
Mw (kg/mol) 84.0 130.0 152.0 124.0 160.0 193.0
PDI 2.99 3.02 3.04 2.81 2.88 4.01
Blending Procedure
Examples 9-14

All fluids had been adjusted to the same kinematic viscos-
ity of 20 mm?/s, measured at 40° C. (KV40=20 mm?/s).
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Viscosity measurements were done according to ASTM D
445. All measurements were done in presence of a detergent-
inhibitor package consisting of dispersants, anti oxidants,
antiwear additives and extreme-pressure additives, rust

20

modifier (Example 4), suggesting that polymer composition
in conjunction with the base fluid work together to provide the
most beneficial VI response. As the solubility parameter, y, is
greater, the change in viscosity becomes greater.

Using a polar polymer alone did not result in an appreciable

inhibitors and seal swellants. 5 g a I
The polymers were blended in two different fluids. Fluid 1 viscosity 1nde;x 1ncrease alor}e. The use of small amounts of
consisted of a pure hydroisomerized base stock, having a h;gheryls.cosny index base 01ls.a101.1e dlq notresultin a higher
KV100 of~3.0 mm2/s and a commercially available DI pack- VISCO.Slty index of the final lubncat%ng oil. However When the
age. The blend of oil+DI had a KV100=3.394 mm?s, polgrl?y of the polymer and pol.anty of the. ba;e fluid were
KV40=14.09 mm2/s and a viscosity index of 115. 10 optlml.zed., there was a synergl;tlc f:ffecF Whlch increased the
Fluid 2 was made of 67% of the same hydroisomerized viscosity index of the final lubricating oil higher than each of
base stock with DI and 33% of a blend consisting of polar  the two independent methods.
ester oil with DI. The blended fluids had a KV100=3.003
mm?/s, KV40=11.27 mm?/s and a viscosity index of 124. TABLE 8
The composition and viscosity data for Examples 9-14 are 15
shown in Table 7. Reference Table.
KV100 KV40
TABLE 7 Base Oil (cSt) (cSt) VI
Examples 9 % 10 10a 11 1la Plastomoll DNA 3.01 10.73 144
20 RMFS 5.42 31.62 106
% 5% Plastomoll in RMF 5 5.20 29.36 107
Yubase 4 4.32 20.08 124
Polymer 6.00 8.24 3.60 5.44 2.80 488 5% Plastomoll in Yubase 4 4.16 18.81 125
Group I Oil 1.35 1.86 0.81 1.22 0.63 1.10 Nexbase 3030 3.39 14.09 115
Naphthenic Oil 2.61 3.58 1.57 237 1.22 212 33% Plastomoll in Nexbase 3030 3.00 11.27 124
Group III Oil 504 692 302 457 235 410
Group V Oil 26.20 28.51 28.97
Group III Oil 85.00 5320  91.00  57.89  93.00  58.83 Viscosity Measurement
The viscosity index of the fluids was calculated from the
Total 100.0 1000 1000 1000 100.0  100.0 measured kinematic viscosities at 100° C. and 40° C. using a
Cannon Automated Viscometer (CAV-2100) manufactured
Examples 12 12a 13 13a 14 14a .
30 by the Cannon Instrument Company using the known equa-
% tions. Viscosity measurements were performed according to
ASTM D 445.
Polymer . 3.28 4.64 2.76 4.00 3.20 2.92 The invention claimed is:
Group 11 Ol 074 104 062 090 072 066 1. A lubricant. comprising:
Group III Oil 143 202 120 174 139 127 : » COmprising:
276 390 232 336 2690 245 35  5.0wt % of an ester oil;
29.17 29.70 30.59 a hydrocarbon oil selected from the group consisting of a
Group V Oil 91.80  59.23  93.10 60.30  92.00 62.11 mineral oil of Group I, II and III;
and
Total 100.0 1000 100.0 1000 1000 1000 12.78 10 14.2 wt % of a polyalkyl(meth)acrylate copolymer
40 having a weight average molecular weight of from
25,000 to 160,000,
TABLE 7a the copolymer comprising, in copolymerized form,
a) 13 to 25 wt % based on a total weight of the polyalkyl
Examples 9 9a 10 10a 11 lla (meth)acrylate copolymer of units of one or more
alkyl(meth)acrylate monomers of formula (I):
KV100 (cSt) 4712 5481 4711 5526 4505 5636 45
KV40 (cSt) 19.65  19.89 19.83 2049 1994  20.24
VI 169 238 166 231 146 245 R @
Examples 12 12a 13 13a 14 14a H / ORI,
KV100 (cSt) 4602 5714 4723 5890 5407 5561 4
KV40 (cSt) 1974 19.60 1973 201 1970  19.79 u o
VI 158 265 170 270 236 247
wherein
The tables 7 and 7a clearly show the synergistic effect Rlls. hy@rogen or methyl, and . . .
between polymers containing polar comonomers, and polar . R is a linear, br.anched or cyclic alkyl residue with 1 to 4
ester oils in terms of VI-lift of the finished fluid. The VI carbon atoms,o .
improvement of the fluids with example 14, which contains b) 36 to 87 wt % based on a total Wel.ght ofthe polyalkyl
no highly polar comonomer such as MMA, can be seen, but is (methjacrylate copolymer of units of one or. more
not pronounced. The MMA containing polymers show an alkyl(meth)acrylate monomers of formula (II):
astonishing VI improvement. Here the ester oil containing a
fluids show significantly higher viscosity indices, sometimes " R
the VI-advantage exceeds more than 100 points.
Improvements in VI were achieved with as little as 0.5% H 7 OR?,
Group V oil. As much as 80% Group V oil has been added
without observing any plateau effect of the viscosity index for o o
the 25% MMA containing copolymer. The slope of the 65

increase in VI appears to be steeper for the more polar vis-
cosity modifier (Example 1), than for the less polar viscosity

wherein
R is hydrogen or methyl, and
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R? is a linear, branched or cyclic alkyl residue with 5 to 15
carbon atoms; and
¢) 0to 39 wt % based on a total weight of the polyalkyl
(meth)acrylate copolymer of units of one or more
alkyl(meth)acrylate monomers of formula (III):

(1)

R
H OR3,
F
H (6]
wherein
R is hydrogen or methyl,

R? is a linear, branched or cyclic alkyl residue with 16 to
400 carbon atoms; and
d) units of comonomers.

2. The lubricant of claim 1, wherein a weight ratio of the
polyalkyl(meth)acrylate copolymer to the ester oil is in a
range of 2.5:1 to 2.8:1.

3. The lubricant of claim 1, wherein the ester oil is selected
from the group consisting of a dicarboxylic acid ester and
mixtures thereof.

4. The lubricant of claim 1, wherein the ester oil is selected
from the group consisting of a di-alkyl-adipate and mixtures
thereof.

5. The lubricant of claim 1, wherein the ester oil is selected
from the group consisting of a dialkyl substituted sebacate
and mixtures thereof.

6. The lubricant of claim 1, wherein the polyalkyl(meth)
acrylate copolymer is obtained in the presence of at least one
of the ester oil and the hydrocarbon oil.

7. The lubricant of claim 1, wherein the polyalkyl(meth)
acrylate copolymer is obtained in the presence of the ester oil.

8. The lubricant of claim 1, wherein the ester oil is a dialkyl
dicarboxylate, an alkyl(meth)acrylate, or a mixture thereof.

9. The lubricant of claim 8, wherein the ester oil is a dialkyl
dicarboxylate and the dialkyl dicarboxylate is at least one
selected from the group consisting of a dialkyl adipate, a
dialkyl pimelate, a dialkyl suberate, a dialkyl azelate, a
dialkyl sebacate, and mixtures thereof.

10. The lubricant of claim 1, wherein the polyalkyl(meth)
acrylate copolymer has a polydispersity in the range of 1.05to
2.0.

11. A method for preparing a lubricant, the method com-
prising:

polymerizing a monomer mixture in the presence of at least

one of an ester oil and a hydrocarbon oil; the monomer
mixture comprising,
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a) 13 to 25 wt % of one or more alkyl(meth)acrylate mono-
mers of formula (I):

@

H OR!,

wherein

R is hydrogen or methyl, and

R! is a linear, branched or cyclic alkyl residue with 1 to 4
carbon atoms;

b) 36 to 87 wt % of one or more alkyl(meth)acrylate mono-
mers of formula (II):

an

H OR?,

wherein

R is hydrogen or methyl, and

R? is a linear, branched or cyclic alkyl residue with 5 to 15
carbon atoms; and

¢) 0to 39 wt % of one or more alkyl(meth)acrylate mono-
mers of formula (I1I):

(I

R
H OR?,
s
H (6]
wherein
R is hydrogen or methyl,

R? is a linear, branched or cyclic alkyl residue with 16 to
400 carbon atoms; and

d) units of comonomers;

wherein

a weight average molecular weight of the polyalkyl(meth)
acrylate copolymer is from 25,000 to 160,000, and

the hydrocarbon oil is selected from the group consisting of
a mineral oil of Group I, Il and III.
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